Sleep Disturbance and Aging-Grandner et al ing age was associated with increasing insomnia complaints: 1.3% in the 15-19 yr age group versus 27.0% in the age group older than 70 yr. Similarly, Foley and colleagues 9 found that among 9,282 individuals age 65 yr or older, more than 50% reported sleep disturbances. More recently, Morphy and colleagues 10 expanded this finding to show that older adults (age ≥ 65 yr) were more likely to report insomnia symptoms relative to younger adults (age 18-35 yr), with 65% of older adults and 43% of younger adults reporting insomnia symptoms.
INTRODUCTION
Multiple epidemiologic studies have shown that sleep-related complaints and daytime sleepiness are more common among older men and women in comparison with their younger counterparts. [1] [2] [3] [4] Others have found, however, that sleep complaints may not necessarily be more prevalent, especially in healthy older adults. The discrepancy among studies examining sleep in the elderly represents a controversy as to the nature of sleep problems associated with aging. [5] [6] [7] In addition, less is known about the differences between men and women in terms of the trajectory of sleep changes across the life span.
Several epidemiologic studies have explored sleep complaints in older adults. Weyerer and Dilling 8 found that women reported more insomnia across all age groups and that advanc-Sleep Disturbance and Aging-Grandner et al Energy (TIREDNESS) items, suggesting that the current data accurately represent the sample selected for study.
The sample selected for the BRFSS study has a high likelihood of being representative of the general population. One potential criticism is that the 2006 BRFSS used landline telephone numbers for sampling. However, those without landline telephones do not appear to differ on dimensions relevant to public health estimates. 19 In addition, the validity profile of the BRFSS is similar to other, widely published national surveys such as the National Health and Nutrition Examination Survey. 20 Furthermore, to increase generalizability of results, each participant was assigned a weight (described in the next paragraph) to be used in analysis. Thus, even though the sample is, by the nature of the sampling scheme, not representative of the general population, all analyses are adjusted so that biases in the sample do not contaminate results.
The process of determining participant weighting is discussed in more detail in the BRFSS documentation. 21, 22 In brief, each weight is calculated using a combination of (1) a weight that accounts for differences in the basic probability of selection among subsets of regions delineated by combinations of area code and telephone prefix; (2) a weight that adjusts for noncoverage and nonresponse, forcing the sum of all weighted frequencies to equal population estimates for that region, based on age, sex, and race/ethnicity; (3) the number of residential telephone lines in the participant's home; and (4) the number of adults in the participant's household. Thus, although the aggregated sample is not absolutely representative of the general population, each participant's weight is intended to maximize generalizability, accounting for any noncoverage and/or nonresponse based on geographic region, as well as sociodemographic categories of age, sex, and ethnicity.
Participants were respondents who had answered a question regarding SLEEPDIST: "Over the last 2 weeks, how many days have you had trouble falling asleep or staying asleep or sleeping too much?" and who answered the question, "Over the last 2 weeks, how many days have you felt tired or had little energy?" Answers for both questions ranged from 0-14 days. However, the distributions were bimodal, with peaks at 0 and 14 days. Thus, SLEEPDIST and TIREDNESS were dichotomized into those respondents who report complaints ≥ 6 days and those who report complaints < 6 days. This finding is consistent with other classification approaches where a frequency of 3 or more events per wk has been used to denote abnormality. 23 Covariates used to adjust for socioeconomic factors included race/ethnicity (White, Black/African American, Hispanic/Latino, Asian/Other and Multiracial), education (less than high school, high school graduate, some college, college graduate) and income level (< $10,000 pretax income per yr, $10,000-$15,000, $15,000-$20,000, $20,000-$25,000, $25,000-$35,000, $35,000-$50,000, $50,000-$75,000, > $75,000). Previous analyses have found that race/ethnicity, education, and income level are significant predictors of sleep complaint in this sample. 24 General health factors adjusted for in analyses included overall health (excellent, very good, good, fair, poor) and time since last checkup (within the past yr, within the past 2 yr, within the past 5 yr, 5 or more yr ago, never). General health rather than specific medical conditions was included because specific medical conditions may not capture an individual's entire health burden. changes in numerous objective sleep parameters 13 . Many of these age-related changes were summarized in a meta-analysis of 65 polysomnographic studies, representing 3,577 subjects age 5-102 years. 13 This landmark study found that total sleep time generally decreased with age, at the rate of approximately 10 min of sleep per decade. Decreases in slow-wave sleep occurred at the rate of approximately 2% per decade coupled with a decrease in sleep efficiency at the rate of approximately 3% per decade after age 40 yr. These findings clearly show that polysomnographic sleep is notably worse in old age than in younger adulthood, with the exception that some variables, such as sleep latency, were high until approximately age 30 yr.
These findings stand in contrast to several studies that show that healthy older adults may not subjectively think that their sleep pattern is problematic. Buysse and colleagues found that in healthy older adults, most (68%) had subjective sleep quality ratings in the "good sleeper" range. 14 Vitiello and colleagues found that older research subjects without medical or psychiatric problems were unlikely to exhibit sleep problems. 5 Zilli and colleagues compared satisfaction with sleep among young and elderly subjects. 15 Elderly men and women reported greater satisfaction with their sleep in comparison with younger adults. These findings suggest that there are agerelated differences in the internal metrics that an individual uses to assess sleep quality. Comorbid medical illnesses and mood disorders such as depression have also been postulated to significantly influence the prevalence of insomnia symptoms as a function of age. 6, 16, 17 The current study uses one of the largest recent surveys to assess sleep complaints among US adults: the 2006 Behavioral Risk Factor Surveillance System (BRFSS). 18 We hypothesized that sleep complaints and daytime fatigue would increase in prevalence across age groups even when adjusting for known risk factors for sleep disturbance, including demographic and socioeconomic factors, general health, and depressed mood; and sleep complaints and daytime tiredness would be more common among women than men. Understanding the age-related prevalence of sleep complaints when controlling for general health and other factors is crucial for assessing the potential etiology and public health effect of these symptoms.
METHODS

Data Source
Data from the BRFSS 18 were used for this analysis. The BRFSS is an annual, state-based, random-digit-dialed telephone interview survey of adults age ≥ 18 yr from all over the United States. It is the world's largest telephone survey, designed to monitor health-related behaviors in the general population. The overall response rate (completed interviews relative to total eligible households) varied across states, with a mean of 41.1%, median of 40.5%, and range of 20.5% (Georgia) to 72.5% (Puerto Rico). The completion rate (number of interviews completed relative to the number of interviews completed, terminated, and/or refused) also varied across states, with a mean and median of 78.1%, and a range of 66.3% (California) to 92.5% (Puerto Rico). Of those who completed interviews, > 98% of respondents completed the Self-Reported Sleep Disturbance (SLEEPDIST) and Self-Reported Tiredness/Lack of and age relative to covariates and health variables, with and without depressed mood. Models were assessed with and without depressed mood because depressed mood is known to vary with age 26 and is known to be associated (often causally) with sleep disturbance and daytime tiredness. 17, 27, 28 Because this variable accounts for such a large portion of the variance of both of our outcomes of interest, including it in analyses may be an issue of "overcontrolling," or understating the contributions of other predictors. In order to account for this issue, we provide two models for the reader to consider, with and without depression.
RESULTS
Sample Characteristics
A total of 155,877 participants provided complete data for the SLEEPDIST and TIREDNESS analyses. Characteristics of the samples are reported in Table S1 , which reports both the raw (unweighted) sample characteristics that describe the actual respondents as well as the weighted sample characteristics that represent the statistical analyses. To explore potential nonresponse bias related to SLEEPDIST and TIREDNESS items, we compared subjects who did not respond to at least one of these items with subjects who provided complete data. Comparison of age and demographic, socioeconomic, and health covariates in those who did and did not respond to sleep items is presented in Table S2 . Overall, only 1.89% did not respond. All age groups were well represented, ranging from 0.41% missing in the group age 25-29 yr to 4.88% missing in the group older than 80 yr. Among covariates, rates of nonresponse to sleep-related items was low, with the highest (2.23%) among those in the $10,000-$15,000/yr income category. Response to sleep-related items by state is reported in Table S3 . Values representing percent nonresponse to SLEEPDIST and TIREDNESS items ranged from 0.31% (Delaware) to 2.54% (Louisiana).
Prevalence of Sleep Disturbance and Daytime Tiredness
For both SLEEPDIST ( Figure 1A ) and TIREDNESS (Figure 1B) , women reported more complaints than men in all age groups. For SLEEPDIST, the highest prevalence of complaints was in the youngest group (18-24 yr) and the lowest prevalence of complaints in the oldest groups (older than 80 yr for women and 70-74 yr in men). For TIREDNESS, a different pattern was noted. In those younger than 70 yr, the highest rate of complaints was in the youngest group (18-24 yr) and the lowest rate of complaints was in the group age 65-69 yr. A different pattern was noted at age 70 yr and older: both men and women saw a sharp increase in complaints.
Regression Results
Results of adjusted analyses are reported in Tables 1 and 2 for both SLEEPDIST and TIREDNESS. Table 1 reports results from Model 2 (age, covariates, and health) whereas Table 2 Time since last checkup was used to provide information related to access to health care. Depressed mood was measured with the item, "Over the last 2 weeks, how many days have you felt down or depressed?" which was categorized as none (0 days), mild (< 6 days) and moderate/severe (≥ 6 days).
Statistical Analyses
Complete-case analysis was implemented for both SLEEP-DIST and TIREDNESS; thus, only participants who provided complete data were included for each analysis. Correlation between SLEEPDIST and TIREDNESS was evaluated using Pearson r (examining the variables as continuous, because responses were distributed similarly), as well as θ (examining the variables as dichotomous).
To explore bias in the sample not accounted for by the weighting procedures, we examined differences between survey respondents who were included in analyses and those who did not respond to either the SLEEPDIST or TIREDNESS items. Given the large sample size, we assert that if, in every cell, ≤ 5% of respondents were missing SLEEPDIST and/or TIREDNESS responses, we would consider there to be no notable bias in reporting.
A significant age/sex interaction was present for SLEEPDIST (P = 0.076 for Model 1, P = 0.001 for Model 2, and P = 0.001 for Model 3), as well as TIREDNESS (P < 0.001 for Model 1, P < 0.0001 for Model 2, and P < 0.0001 for Model 3). Thus, all Model 2 and Model 3 analyses were stratified by sex. Percentages of respondents indicating SLEEPDIST and TIREDNESS across variables were calculated and differences among groups were compared using Rao-Scott chi-square tests as implemented in SAS software 25 with the PROC SURVEYFREQ procedure. Data were also reviewed graphically to assess distribution and relationship to sleep disturbance.
The logit of odds of the categorical SLEEPDIST and TIRED-NESS was modeled using a generalized linear model for each individual variable and all combined variables for all respondents and separated by sex. All sampling was weighted appropriately for representativeness, using weighting scores specifically developed for BRFSS 2006. 18 The odds ratios (ORs) and 95% confidence intervals (CIs) were estimated among groups relative to a preselected reference. These analyses were performed using SAS software 25 with the PROC SURVEYLOGISTIC procedure (SAS, Cary, NC). All statistical tests were 2-tailed. Statistical significance was set at the P < 0.05 level unless otherwise indicated. The reference for the age variable was the group of individuals age 80 yr or older. This group was chosen because our hypothesis stated that these individuals would demonstrate the highest prevalence of complaints. As the reference group, this question can be evaluated. Other variables studied included education (reference = college graduate), income (reference = > $75,000/yr), race/ethnicity (separate dichotomous variables for each group), general health (reference = excellent), time since last medical checkup (reference = never), and depressed mood (reference = none). A total of three separate models were tested: (1) age; (2) age + covariates (race/ethnicity, income, education) + health (general health, time since last medical checkup); and (3) age + covariates (race/ethnicity, income, education) + health (general health, time since last medical checkup) + depressed mood. These models were chosen to examine age alone women ( Table 2 ). In men, the youngest age groups (18-39 yr) reported more SLEEPDIST than the group older than 80 yr, but other age groups did not differ. Among women, participants age 18-59 yr reported more SLEEPDIST than those older than 80 yr, whereas older groups did not differ. For TIREDNESS, in men, participants age 18-24 yr were more likely to report TIREDNESS, relative to those older than 80 yr. For women, groups age 18-54 yr were more likely to report TIREDNESS. For both outcomes, in both men and women, no age group was less likely to report complaint than those older than 80 yr. These results are displayed graphically in Figure 3A (SLEEPDIST) and B (TIREDNESS).
Sex
Sex differences within each age group are reported in Table 3 and displayed in Figure 2A and Figure 3A for SLEEPDIST and Figure 2B and Figure 3B for TIREDNESS. In both models, men and women differed in their reports of both SLEEPDIST and TIREDNESS for most age groups.
General health
The data presented in Table 1 show that self-reported general health rating is associated with level of SLEEPDIST and TIREDNESS, after adjustment for demographic, socioeconomic, and health covariates. With the inclusion of depressed mood in Model 3 (Table 2 ), the magnitude of these relationships decreases (especially for those in the poorest health), although the overall pattern remained consistent. Overall, better general health was associated with fewer sleep-related complaints, independent of age and other factors. Figure 4 represents these ORs against a logarithmic scale.
Time since last checkup
The data presented in Tables 1 and 2 show that for women, a more recent doctor visit was associated with decreased SLEEPDIST and TIREDNESS. For men, there was no relationship in either model between time since last checkup and either SLEEPDIST or TIREDNESS.
Depressed mood
Depressed mood was a significant factor in reports of SLEEPDIST and TIREDNESS. Adjusted for age and other factors, mild depressed mood (< 3 days/wk) was associated with more than double the likelihood of reporting SLEEP-DIST and TIREDNESS in men and women, relative to those with no depressed mood. Those with moderate/severe depressed mood (≥ 3 days/wk) were much more likely to report SLEEPDIST and TIREDNESS. Women in this group were 12.81 times as likely to report SLEEPDIST and 16.36 times as likely to report TIREDNESS; similarly, men were 16.00 times as likely to report SLEEPDIST and 16.69 times as likely to report TIREDNESS.
Correlation Between SLEEPDIST and TIREDNESS
Because the pattern of findings for SLEEPDIST and TIRED-NESS were so similar, we explored whether these two variables were measuring the same construct. When the variables were compared, 30% of the sample reported SLEEPDIST, TIRED-NESS, or both. Of those that reported SLEEPDIST, 63% also reports results from Model 3 (age, covariates, health, and depressed mood). Figure 2 displays the ORs for age in Model 2 and Figure 3 shows the results of Model 3. Table 3 displays sex differences by age group in Models 2 and 3, and these results are also integrated into Figures 2 and 3 . Figure 4 shows the ORs for general health and Figure 5 shows the ORs for depressed mood for both SLEEPDIST and TIREDNESS (both Figures 4 and 5 report ORs from Model 3 only).
Age
In Model 2 (without depressed mood), almost all age groups demonstrated increased likelihood of SLEEPDIST and TIRED-NESS, relative to the age group older than 80 yr, and no age group demonstrated decreased likelihood relative to the age group older than 80 yr. For both outcomes, in both men and women, the oldest age groups did not differ from the age group older than 80 yr. Figure 2 highlights the differential pattern of SLEEPDIST ( Figure 2A ) ORs for women compared with men. These results are consonant with findings for TIREDNESS ( Figure 2B ).
In Model 3 (fully-adjusted model with depressed mood), the distributions of SLEEPDIST and TIREDNESS were markedly altered relative to Model 2 for men and, to a lesser extent, yr, rose slightly, then declined again after 59 yr in men. The findings were similar for women, except a more marked rise was noted from 40-59 yr. An analogous pattern was noted for TIREDNESS. Thus, advancing age was not found to be associated with an increased odds of SLEEPDIST or TIREDNESS when adjusting for these covariates. These results contradict our
DISCUSSION
When adjusting for general health and depressed mood, among other covariates, both SLEEPDIST and TIREDNESS complaints generally declined across the life span, with fewest endorsements in the oldest respondents (older than 80 yr). For SLEEPDIST, ORs (reference = 80+) declined from 18-54 a Odds ratio adjusted for race/ethnicity, income, education, general health, and time since last medical checkup (Model 2). *P < 0.05 versus 80+; † P < 0.05 sex difference. a Odds ratio adjusted for race/ethnicity, income, education, general health, time since last medical checkup, and depressed mood (Model 3). *P < 0.05 versus 80+; † P < 0.05 sex difference. 
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in poorest health are least likely to survive to older age. Also, increased age, especially in the oldest age groups, may represent a degree of accumulated chronic disease. Subjects with more exposure to chronic disease states may not have survived to the oldest age groups, or may be particularly resilient to the effects of these processes. Therefore, those in the oldest age group may report the highest sleep quality because those in poorer health (with increased sleep complaints) may have died earlier or be unable to complete a survey. It may also be the case that sleep problems may vary by age, such that younger individuals are likely to experience different stressors (such as college/vocational school/higher education, first jobs, childbearing, childrearing, and menopause). In addition, younger individuals may be experiencing more sleep-related problems due to societal influences (such as increased technology, [29] [30] [31] [32] work hours, [33] [34] [35] [36] [37] or other factors 24, [38] [39] [40] [41] ) experienced less by the older cohort. Given the available data, there is limited evidence for these explanations, and it is unclear to what degree these or other factors contribute to the current findings. It should also be noted that both SLEEPDIST and TIREDNESS may reflect sleep duration, which was not assessed. Changes in sleep duration with age (and adaptation to sleep duration changes) also may partially explain some of these findings.
Another important factor to consider is the age-related change in perception of a so-called acceptable health status. Older adults as a cohort may adjust their expectations of good health and thus be less likely to complain in general 42 or report specific sleepinitial study hypothesis that aging is associated with increased sleep complaints and suggests that subjective perceptions of poor sleep in older adults may be related to factors other than those associated with physiologic aging. Of particular relevance is the finding that no group (men or women of any age, in unadjusted (Model 1) or adjusted (Model 2) analyses) was significantly less likely to report SLEEPDIST or TIREDNESS than those participants older than 80 yr. This is demonstrated by the finding that when any age group is compared with the group older than 80 yr, they either report significantly more SLEEPDIST or TIREDNESS or they report no significant differences. This is partially reflected in the differential, nonlinear patterns among men and women (rather than a linear decline). These findings support other recent studies that challenge the common wisdom that subjective problems with nighttime sleep and daytime tiredness are more common in older adults. 15 These findings also challenge the general clinical practice of ignoring these problems as potentially normative when they are reported by older adults-when older adult patients complain of sleep difficulties or fatigue, these complaints do not necessarily reflect normal aging. 12 The finding that the patients in the oldest age groups were least likely to report SLEEPDIST or TIREDNESS may be putatively explained by a combination of factors such as survivorship, and societal and/or cohort effects. Our findings show that general overall health (especially if health is categorized as poor) is strongly related to sleep-related outcomes. Individuals 
Second, as mentioned earlier, this cross-sectional design limits our ability to comment on causality or on the aging process per se. Clearly, there are cohorts of Americans in these age categories that have unique life histories and psychosocial characteristics. Only a large-scale longitudinal study could illuminate the role of aging within an individual in the development or remission of sleep difficulties across the life span. In addition, the cross-sectional nature of the study precludes the exploration of seasonality in sleep complaints. Although date and state of the interview were known, accounting for the relevance of seasonality is complicated by a variety of factors such as geographic location (i.e., climatic considerations), time spent outdoors, etc.). Thus, SLEEPDIST and TIREDNESS ORs also may reflect other causes.
Third is the issue of nonresponse. BRFSS has a relatively low response rate. Because it is impossible to determine whether responders and nonresponders differed in any meaningful way, potential bias is mitigated through the use of a weighting scheme in the context of a sample size large enough so that all groups are well represented. Although weighting procedures accounted for nonresponse to the BRFSS in general relative to state, age, sex, etc., weighting procedures did not account for nonresponse to SLEEPDIST and TIREDNESS items. For example, of adults older than 65 yr who completed the BRFSS, 2.16%-4.88% did not complete the sleep items; in those younger than 65 yr, 0.41%-2.02% did not complete the sleep items. This could have produced overestimates or underestimates of likelihood in these groups. However, these effects are probably small in magnitude because, on average, < 2% of the respondents did not endorse these sleep items, and nonresponse did not reach 5% in any specific sociodemographic category for any of these items.
The data from these analyses clearly demonstrate that it is the oldest age groups that are least likely to report problems associated with SLEEPDIST and TIREDNESS after adjustment for sociodemographics, socioeconomics, and health. In addition, the unadjusted analyses show that a typical older adult is less likely to complain of SLEEPDIST than a young or middleaged adult and only more likely to complain of TIREDNESS if older than 70 yr. These findings challenge the accepted medical wisdom that physiologic aging is necessarily associated with increased subjective sleep complaints.
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This was not an industry supported study. Dr. Patel has received research support from Boehringer Ingelheim unrelated to this study. Dr. Pien has the use of equipment on loan from Respironics unrelated to this study. Dr. Perlis has consulted for Gerson Lehrman Group, Clinical Advisors, Meda Corp / Leerink Swann, Actelion, SleepEasily, Sanofi-Aventis, L.E.K. Consulting LLC. He has received research support from Sanofi-Avenrelated complaints. 43, 44 The observation that subjective reports of SLEEPDIST decline with age while objective sleep data generally show progressive worsening with age supports this hypothesis. 13 Others have also noticed a discrepancy between objective impairment and self-reported complaints in older adults. 14, 45, 46 In addition to the aforementioned findings, this analysis illustrates normative patterns of sleep complaints for adult men and women across the life span from a large, representative sample. Among both men and women, significant sleep difficulties may be evident during young adulthood as a result of adolescent-like sleep habits (i.e., late bedtimes and rise times) as these individuals enter the workforce or enter higher education-specifically, problems associated with phase delay. 47, 48 These conditions are likely to result in insufficient sleep, reported here as SLEEPDIST and TIREDNESS.
Although this study has a number of methodologic strengths, it also has some limitations. First, the SLEEPDIST item is a compound question, assessing any number or combination of three different sleep-related complaints. This severely limits interpretation as it potentially conflates different types of sleep disturbance. The broad nature of this question captures a gamut of etiologies for suboptimal sleep. Regarding sleep disorders, difficulty falling asleep most likely reflects insomnia, delayed sleep phase syndrome, or restless legs syndrome; difficulty staying asleep could reflect insomnia, sleep apnea, and periodic limb movements of sleep; and sleeping too much could reflect hypersomnia or narcolepsy. SLEEPDIST is not a typical metric that has been used in epidemiologic analyses of sleep in the population. More typically, the number of hours of sleep obtained has been used. 40, 41, 49, 50 The problem is that the number of hours of sleep obtained does not consider any discrepancy between perceived sleep needed versus sleep actually obtained. The current SLEEPDIST question provides a valuable and sensitive estimate of suboptimal sleep, for whatever reason, in the general population; i.e., a population burden. We purport that the item is sensitive because almost any problem associated with sleep-especially the most common (sleep insufficiency, sleep fragmentation, insomnia, sleep apnea, restless legs syndrome, etc.) could be captured by this question, which is advantageous in a large epidemiologic survey such as the BRFSS. However, although this item has face validity, it has not been validated against standard measures of subjective or objective sleep. Additionally, the SLEEPDIST and TIRED-NESS items are not specific to particular sleep disorders, such as sleep apnea. This limits our ability to use responses to this item to describe symptoms or syndromes (e.g., insufficient sleep, long sleep, insomnia, sleep apnea, daytime sleepiness). We do not know whether those who endorse SLEEPDIST or TIREDNESS would meet strict diagnostic criteria for a sleep disorder, or to what degree either of these measures reflect sleep duration or sleep quality (as they would be measured in a more traditional way). We believe, however, that the construct is likely valid because it represents the vague complaints presented when people discuss sleep problems with health care providers. [51] [52] [53] This is pertinent as recognition for the importance of sleep and sleep disorders in public health continues to rise. 54 Broad population measures, which are often insensitive for specific diseases, are critical for public health policy, community services infrastructure, and research planning. 
